The conditions of NaOH treatment of rice straw to improve digestibility were investigated by varying the concentrations of NaOH and changing the length of the treatment period. The neutral detergent fiber (NDF) and crude hemicellulose (CH) contents of straw remarkably decreased, as increasing the level of NaOH treatment from 1 to 4%. As the treatment period with NaOH proceeded from 0 to 21 days, the NDF, CH, acid detergent fiber (ADF), crude cellulose, and acid detergent lignin (ADL) contents in straw decreased.
Plant materials occupy a large portion of the total biomass on earth. Lignocellulosic plant materials, such as various kinds of straw and other agricultural by-products, are abundant and are used as feedstuff for ruminants. The close physical and chemical association between lignin and cell wall polysaccharides and the degree of crystallinity within the cellulose polymers are major limitations to the efficient utilization of straw for ruminant feeding. Various physical and chemical treatments of low-quality roughage in order to improve their nutritive values for ruminants have been done, for example mechanical milling, steam explosion and chemicals9). This study was undertaken to characterize changes in cell wall composition and digestibility of rice straw after treatment with sodium hydroxide.
Materials and Methods
Rice straw was purchased from Japan Horse Feed Co. Ltd. (Miho-mura, Ibaraki).
The composition of the straw was 46.5% crude cellulose, 23.5% crude hemicellulose, 7.9% ADL, and 9.6% crude ash on a DM basis. Sodium hydroxide treatment of rice straw Rice straw was hand cut (3cm length) with trimming shears. The moisture of the straw was determined by the AOAC method1). One hundred grams of the straw on DM basis was used for each treatment in the following way: The straw was evenly hand sprayed with an aqueous solution containing various amounts of NaOH to give 35% moisture content, and to provide NaOH concentrations of 0, 1, 2, 3, and 4% of rice straw DM, respectively. And then, the straw In situ digestibility of straw The determination of in situ straw digestibility was conducted according to the protocol of Van Keuren and Heineman11). Five grams of materials were weighed into nylon bags that were closed and tied with nylon string. Bags were placed in the rumen of ruminally fistulated sheep, which were fed hay and concentrate (4:1) twice daily, and incubated for 12, 24, and 48h in the rumen. After removal from the rumen, bags were washed mechanically with tap water until the water squeezed from the bags was clear.
prior to determination of DM, NDF and crude cellulose.
Results and Discussion
Effect of NaOH concentrations on chemical composition and in situ digestibility of treated rice straw
The study to examine the effect of NaOH treatment on chemical composition and in situ digestibilities of rice straw was carried out. The chemical composition and in situ digestibilities of rice straw treated with water or varying concentrations of NaOH for 21 days are presented in Table 1 . Treatment with NaOH resulted in large changes in the chemical composition of rice straw. As the concentration of NaOH treatment was increased from 1 to 4%, the yield of rice straw DM after washing with tap water decreased from 83.10 to 68.69%. While, the yield of DM straw treated with only water was 93.85%, as compared with untreated straw (data not shown). This fact suggests that NaOH acted to increase the quantity of water-soluble material in straw and the solubilized material was washed away with water.
As the level of NaOH treatment increased, the NDF and crude hemicellulose contents of straw remarkably decreased, followed by the crude cellulose and ADF contents. In addition, reduction of ADL content of straw by NaOH treatment was small. Silicon contents of straw by NaOH treatment slightly increased, and the silicon contents were very close to the ash contents of straw ADL (data not shown).
In situ DM, NDF and ADF digestibilities of rice straw treated and untreated with varying concentrations of NaOH for 21 days were measured and the obtained results by the incubation of 48h are presented in Table 1 . DM disappearance of straw increased significantly with increasing levels of NaOH treatment. Similarly, in situ NDF and ADF digestibilities of straw increased, as the levels of NaOH treatment increased. A rapid disappearance of straw DM was observed during the 12h incubation period, and a slow linear disappearance of DM was observed during the incubation time of 12 to 48h (data not shown). This phenomenon suggests that easily digestible components of straw were preferentially digetsed during the 12h incubation and that the digestion of components which are more difficult to digest proceeded during the remaining incubation time.
Maximal delignification of straw was achieved at the level of 4% NaOH. NaOH treated rice straw appeared more brittle after drying than untreated rice straw.
Effect of the treatment periods with NaOH on chemical composition and in situ digestibility of rice straw Changes in the chemical composition and in situ digestibilities of rice straw treated with 4% NaOH during various period of days are presented in Table  2 . As the treatment period of straw with NaOH at room temperature was prolonged from 1 to 21 days, the yield of straw DM after washing with tap water decreased from 84.51 to 68.69% (data not shown). As the treatment period with NaOH proceeds, the NDF, crude hemicellulose, ADF, crude cellulose and ADL contents in straw DM decreased with time elapsed from 0 to 21 days. The degree of reduction was large in NDF and crude hemicellulose, followed Table 3 . Concentrations of acid detergent lignin, Klason lignin, and acetylbromide (AcBr) lignin in untreated and NaOH-treated rice straw 1 ) Values are means of 6 determinations .
As the treatment period of straw with 4% NaOH was prolonged from 1 to 21 days, in situ DM, NDF, and ADF digestibilities of straw in the rumen of sheep significantly increased.
Comparison of lignin contents determined by three analytical methods for rice straw Lignin contents in rice straw before and after the treatment with varying concentrations of NaOH were examined using three analytical methods-acid detergent lignin (ADL), Klason lignin (KL), and acetyl bromide lignin (AcBrL) methods (Table 3 ). After rice straw was treated with NaOH, lignin contents of straw DM determined by the three methods equally decreased, and the degree of reduction was dependent on the level of NaOH treatment.
However, each analytical method gave quite different estimate of lignin contents. Namely, the AcBrL value was significantly greater than the KL and ADL values. In addition, the KL value was remarkably higher than that of the corresponding ADL value, and this result agrees with that obtained by previous researchers for forages4,6-8). Jung et al. 6 ) pointed out that the difference in lignin values measured by the ADL and KL methods was due to differences in the order of acid strength used, inclusion of detergent in the ADF step, and addition of the filtration step to the ADL procedure. Similarly, it is conceivable that the high values for AcBrL in comparison with corresponding KL and ADL values was mainly due to the removal of an acid-soluble lignin fraction in the sulpharic acid digestion step in both KL and ADL methods. From the present study, it became clear that AcBr lignin value gave a more accurate quntitation of the total lignin in rice straw.
Correlation of ADL, KL and AcBrL contents with in situ DM digesibility of straw
The correlation between lignin contents determined by three analytical methods and the estimates for in situ DM digestibility for NaOH treated and untreated rice straw were examined. For NaOH treated and untreated rice straw, the linear regressions of in situ DM digestibility on lignin contents determined by the three lignin methods are shown in Fig. 1 . ADL, KL, and AcBrL contents were negatively correlated with in situ DM digestibility of straw. The correlation of ADL and KL contents with in situ DM digestibility were significant (r2=0.91 and r2=0.84 for ADL and KL, respectively; P<0.05).
The strong correlation of AcBrL contents with in situ DM digestibility was found (r2=1.00: P<0.05).
In any case, lignin contents determined by the three lignin methods equally correlated with in situ DM digestibility.
ADL does not contain nearly acid soluble lignin, because the ADL method may result in the loss of the large part of acid soluble-lignin during the ADF step of ADL determination.
However, ADL content of straw correlated negatively with in situ DM digestibility. This suggests that acid insoluble-lignin has an effect on rice straw digestibility.
On the other hand, AcBrL contains both acid soluble-lignin and acid insoluble-lignin. AcBrL content were strongly correlated with in situ DM digestibility. This may imply that acid soluble-lignin plays a role on the limitation of in situ DM digestibility of straw.
As shown in Tables 1 and 2 , crude hemicellulose contents of straw was dramatically reduced after treatment with NaOH. This fact suggests that hemicelluose in addition to lignin also affects in situ digestibility of straw. As generally considered2), the increased DM digestibility of rice straw treated with NaOH is probably related to solubilized hemicellulose and ruptured ester bonds between hemicellulose and lignin.
